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Description
BACKGROUND OF THE INVENTION
1. Technical Field

[0001] The presentinvention relates to a semiconduc-
tor device equipped with a semiconductor chip, a method
of manufacturing the semiconductor device by a
face-down bonding process, and a mounting structure of
the semiconductor device.

2. Related Art

[0002] Asamounting method of a semiconductor chip
by a face-down bonding process, a method using an an-
isotropic conductive membrane (See, for example, Jap-
anese Unexamined Patent Publication No. 4-32171.)
composed of anisotropic conductive paste (ACP) or an
anisotropic conductive film (ACF) and a method using
insulation resin for bonding (See, for example, Japanese
Unexamined Patent Publication No. 4-82241.) com-
posed of insulating nonconductive paste (NCP) or a non-
conductive film (NCF) are known. In such methods using
resin as an adhesive, when a semiconductor chip is
mounted on a substrate, the resin, namely thermoset res-
in or light curing resin, is previously provided on the sub-
strate. And, then the semiconductor chip is set on the
substrate and fixed thereon by further executing a pres-
sure heating process.

[0003] However, in such a method in which the resin
provided to the substrate side is used as the adhesive,
a dedicated coating device is required in case, for exam-
ple, the resin is in a paste form, or another dedicated
coating device in case the resin is in a film form. There-
fore, the dedicated devices required therefor problemat-
ically raise the mounting cost.

Further, in the method in which the resin is provided to
the substrate side and the semiconductor chip is bonded
thereon by a face-down bonding process, since a bump
of the semiconductor chip is connected to a land (a con-
ductive section) on the substrate while pushing through
the resin to move aside, the resin (the adhesive) cannot
be prevented from remaining between the land and the
bump. And, the land and the bump could be exfoliated
from each other because of the difference in the thermal
expansion coefficient between the residual resin and the
land or the bump, thus problematically lowering the
mounting reliability. Further, the contact resistance be-
tween the land and the bump is problematically enlarged
by the residual resin.

Still further, since the semiconductor chip pushestheres-
in (the adhesive) to run aside when bonding the semi-
conductor chip by a face-down boding process, another
componentto be positioned adjacent to the semiconduc-
tor chip cannot be disposed at the nearest position, which
results in a dead space on the substrate, thus making a
cause of degrading high-density mounting.
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SUMMARY

[0004] In view of the above circumstance, the present
invention offers an advantage of providing a method of
manufacturing a semiconductor device, a mounting
structure of the semiconductor, and a semiconductor de-
vice preferably used for the method and the mounting
structure, all capable of enabling the face-down bonding
without requiring any dedicated devices, and making an
electrical connection between the land and the bump re-
liable to enhance the mounting reliability, and further
eliminating dead spaces from the substrate to realize the
high-density mounting.

[0005] According to a first aspect of the invention, a
method of manufacturing a semiconductor device in-
cludes the following steps; forming a resin layer on a
surface of a semiconductor chip, the surface is provided
with a bump formed thereon, the resin layer having pho-
tosensitivity and adhesiveness, exposing an upper sur-
face of the bump by removing a part of the resin layer
right above the bump by exposing and then developing
the resin layer, and bonding the semiconductor chip pro-
vided with aresin film formed of the resin layer face-down
to a substrate, the bump of the semiconductor chip and
a conductive section of the substrate being electrically
connected by the resin film functioning as an adhesive.
[0006] According to the method of manufacturing the
semiconductor device, since the resin film functioning as
an adhesive is formed on the semiconductor chip, the
resin layer for forming the resin film can be formed by a
process using a multi-purpose device such as a spin coat-
ing process and no dedicated device is required, thus
the mounting cost can be reduced.

Further, since the semiconductor chip is directly bonded
face-down to the substrate with the upper surface of the
bumps exposed to electrically connect the bumps to the
lands of the substrate, the resin is prevented from enter-
ing between the lands and the bumps, and accordingly,
the lands and the bumps can be prevented from peeling
off from each other, thus enhancing the mounting relia-
bility and also reducing the contact resistance between
the lands and the bumps.

Further, since the semiconductor chip is bonded
face-down by making the resin film having adhesiveness
function as an adhesive, namely by cooling to resolidify
the resin film after heating to melt it, or by hot-curing it,
resin forming the resin film can hardly run off to the sides
ofthe semiconductor chip in the face-down bonding proc-
ess, and accordingly, adead space can hardly be created
on the substrate, thus realizing high-density mounting.
[0007] Further, in the method of manufacturing a sem-
iconductor device, a resin forming the resin layer is a
photosensitive and thermoplastic resin or a precursor of
the photosensitive and thermoplastic resin, and the meth-
od preferably comprises heating the resin layer to change
the resin forming the resin layer into the resin film formed
of a thermoplastic resin.

By thus configured, the resin film exerts its adhesiveness
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in good conditions and can function as an adhesive in
good conditions.

[0008] Note that in the manufacturing method of the
semiconductor, a photosensitive and thermoplastic resin
forming the resin layer or a material of the photosensitive
and thermoplastic resin including a precursor of the pho-
tosensitive and thermoplastic resin preferably includes a
thermoset resin or a component of the thermoset resin.
By thus configured, the heat resistivity of the insulating
film is improved to enhance the reliability.

[0009] Further, in the manufacturing method of a sem-
iconductor device, the resin layer can be formed of a
photosensitive thermoset resin adhesive sheet.

By thus configured, since, for example, the resin layer
formed of the photosensitive thermoset resin adhesive
sheet can directly be form the resin film having adhesive-
ness, the processes can be simplified and accordingly,
the productivity is enhanced.

[0010] Further, in the method of manufacturing a sem-
iconductor device described above, anumber of the sem-
iconductor chips are integrally formed on a wafer, and a
part of the resin layer right above a dicing line of the wafer
is removed simultaneously in the exposing step to ex-
pose the dicing line.

Although it is vary difficult to dice the resin together with
the wafer made of silicon, by exposing the dicing lines 4
by removing the resin as described above, the wafer 1
can easily be diced as before by a dicing saw or the like.
[0011] Further, in the method of manufacturing a sem-
iconductor device described above, if a mark is formed
on the semiconductor chip, a part of the resin layer right
above the mark on the semiconductor chip is removed
simultaneously in the exposing step to expose the mark.
If various marks such as dicing mark or bonding mark
are formed on the semiconductor chip, the semiconduc-
tor chip can be handled in the same manner as the ordi-
nary semiconductor chip by exposing the marks.

[0012] Further, in the manufacturing method of a sem-
iconductor device, in the bonding step, the bump is elec-
trically connected to the conductive section via a brazing
filler metal.

By thus configured, the conductive section of the sub-
strate and the bump of the semiconductor chip pulled in
each other by adhesive force of the resin film, namely by
shrinking force generated by solidifying the melted resin
film, to be contacted to each other, are further connected
to each other via the brazing filler metal, thus obtaining
a stronger junction. Further, since the brazing filler metal
can be melted by the heat for melting the resin film, and
then can be solidified as it is by the cooling process (nat-
ural cooling) for resolidifying the resin film, an additional
load in the processes is hardly caused by adding the
brazing filler metal.

[0013] According to another aspect of the invention, a
semiconductor device equipped with a semiconductor
chip having a bump, includes a resin film made of adhe-
sive resin provided on a surface of the semiconductor
chip provided with a bump formed thereon so as to ex-
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pose an upper surface of the bump.

According to the semiconductor device, the semiconduc-
tor chip can be bonded face-down on the substrate by
making the resin film composed of adhesive resin func-
tion as an adhesive, namely, by resolidifying the resin
film once hot-melted. Further in this case, since there is
a very little chance for the resin composing the resin film
to run off to the sides of the semiconductor chip, a dead
space can hardly be created on the substrate, therefore,
by using the semiconductor device, the high-density
mounting can be realized.

Still further, the resin layer for forming the resin film can
be formed by a method using multi-purpose devices such
as a spin-coating process, and accordingly, by using the
semiconductor device, any dedicated devices for mount-
ing can be eliminated, thus making the mounting cost be
reduced.

Further, since the upper surface of the bump of the sem-
iconductor is exposed, by bonding the semiconductor
chip face-down directly on the substrate to electrically
connect the bump to the conductive section of the sub-
strate, the resin can be prevented from entering between
the conductive section and the bump. As a result, peel-
ing-off of the conductive section from the bump can be
prevented to enhance the reliability in mounting, and the
contact resistance between the conductive section and
the bump can also be reduced.

[0014] Further, in the semiconductor device, the ad-
hesive resin is preferably thermoplastic resin.

By thus configured, the resin film exerts its adhesiveness
in good conditions and can function as an adhesive in
good conditions.

[0015] Note thatin the semiconductor device, the ther-
moplastic resin preferably includes thermoset resin or a
component of the thermoset resin.

By thus configured, the heat resistivity of the insulating
film is improved to enhance the reliability.

[0016] Further, inthe semiconductor device, a number
of the semiconductor chips are integrally formed on a
wafer, and the resin film can be provided so as to expose
a dicing line of the wafer.

Although it is vary difficult to dice the resin together with
the wafer made of silicon, by exposing the dicing lines 4
by removing the resin as described above, the wafer 1
can easily be diced as before by a dicing saw or the like.
[0017] Further, in the semiconductor device, a mark is
formed on the semiconductor chip, and the resin film can
be provided so as to expose the mark.

If various marks such as dicing mark or bonding mark
are formed on the semiconductor chip, the semiconduc-
tor chip can be handled in the same manner as the ordi-
nary semiconductor chip by exposing the marks.

[0018] According to another aspect of the invention, a
mounting structure includes a substrate having a con-
ductive section, and a semiconductor chip having a bump
and bonded face-down on the substrate, wherein the
conductive section of the substrate and the bump of the
semiconductor chip are connected to each other directly
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without intervening the resin or indirectly via a conductive
material.

According to the mounting structure of the semiconductor
device, since noresin intervenes between the conductive
section and the bump, the conductive section and the
bump can be prevented from peeling off from each other,
thus enhancing the mounting reliability and also reducing
the contact resistance between the conductive section
and the bump.

[0019] Further, the mounting structure of the semicon-
ductor device includes a resin film formed between the
semiconductor chip and the substrate except the con-
necting section between the conductive section of the
substrate and the bump of the semiconductor chip.

By thus configured, since the substrate and the semicon-
ductor chip are adhered with the resin, highly reliable
mounting structure with no possibility of peeling off the
semiconductor chip can be realized.

[0020] According to still another aspect of the inven-
tion, the mounting structure of the semiconductor device
is formed by one of the manufacturing methods of the
semiconductor device described above.

According to the mounting structure of the semiconduc-
tor device, since the mounting structure is formed by one
of the methods of manufacturing the semiconductor de-
vice, the mounting cost can be reduced by eliminating
any dedicated devices as described above. And further,
since the resin can be avoided from entering between
the conductive section and the bump, the mounting reli-
ability can be enhanced, and the contact resistance be-
tween the conductive section and the bump. Still further,
the resin forming the resin film can hardly run off to the
sides of the semiconductor chip, high-density mounting
can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The invention will now be described with refer-
ence to the accompanying drawings, wherein like num-
bers refer to like elements, and wherein:

Figs. 1A through 1F are schematic views for explain-
ing processes of a method of mounting a semicon-
ductor according to an embodiment of the invention.
Fig. 2 is a schematic view showing a mounting struc-
ture of a semiconductor device according to an em-
bodiment of the invention.

Fig. 3 is a schematic view showing a configuration
of a semiconductor device according to an embodi-
ment of the invention.

Fig. 4 is a schematic view showing a configuration
of a semiconductor device according to an embodi-
ment of the invention.

Figs. 5A through 5C are schematic views for explain-
ing a modified example of a mounting method ac-
cording to an embodiment of the invention.
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DESCRIPTION OF THE EMBODIMENTS

[0022] The invention will be explained hereinafter in
detail. Figs. 1A through 1F are schematic views for ex-
plaining processes of a mounting method of a semicon-
ductor, which is an embodiment of the invention.

In the present embodiment, firstly a wafer 1 made of sil-
iconis prepared as shown in Fig. 1A. Inthe wafer 1, there
are a number of semiconductor chips 2 each equipped
with various components formed thereon and further
equipped with a number of bumps 3 formed on the side
of the active surface. The bump 3 is formed of, for exam-
ple, gold with an electrolytic plating process, or of a lam-
inated structure of nickel and gold with an electroless
plating process, and shaped like a cylinder or a prism
having a heightin arange of, for example, about 5 through
30 pm. Alternatively to the above, other known bumps
such as a wire bump made by processing a gold wire to
form a ball-shaped member, or a solder bump formed
from solder can also be adopted.

[0023] In this case, the wafer 1 is to be diced into the
individual semiconductor chips 2, and is provided with
dicing lines 4 for obtaining discrete semiconductor chips
2 between the semiconductor chips 2, wherein no sem-
iconductor components relating to the function of the
semiconductor chips are provided to the dicing lines 4.
Further, although not shown in the drawings, the wafer
1is provided with various marks such as marks for dicing
or marks for bonding formed in each of the semiconductor
chips 2 or other areas. Although these marks are often
formed of aluminum or cupper used for forming circuits
of the semiconductor chips, the material is not so limited,
but any visible materials can be used therefor.

[0024] After preparing the wafer described above, as
shown in Fig. 1B, a resin layer 5 is formed on a surface
of the wafer 1 having the bumps 3 formed thereon by
providing a resin material composed of photosensitive
and thermoplastic resin or the precursor thereof, or a
photosensitive thermoset resin adhesive sheet. In the
present embodiment, it is assumed that the resin layer 5
is formed using the photosensitive and thermoplastic res-
in material. As the photosensitive and thermoplastic res-
in, polyimide resin, for example, can be cited. In case of
using the polyimide resin, as a form of usage, it can be
used by being dissolved with an appropriate solvent, for
example. Further, as the precursor thereof, polyamic acid
or amide-imide or the like can be cited. With respect also
to the above materials, as a form of usage, they can be
used by being dissolved with an appropriate solvent.
Note that, regarding such resin materials, the form of
usage can be a film other than the liquid, and in this case,
the resin material can be used by previously being formed
as a film or a sheet added with an appropriate add-in
material if necessary.

[0025] Further, any kind of resin which can be pho-
to-patterned and has adhesiveness thereafter can be
used as the resin layer 5, and accordingly other known
resins such as epoxy resin having thermoplasticity, BCB
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(benzocyclobutene) having thermoplasticity, or acrylic
resin having thermoplasticity, can also be adopted. Fur-
ther, thermoset resin or a component thereof can be in-
cluded therein in order for enhancing the hest resistant
property.

[0026] Further, in the embodiment of the invention, the
photosensitivity of the resin material means that the resin
material can be patterned by a photolithography technol-
0gy using an exposure process and a development proc-
ess, and inclusively expresses both cases of the positive
type and the negative type.

[0027] If the form of usage of the resin material is a
liquid form, the resin material composed of such resin or
a precursor thereof is coated on the surface of the wafer
1 (the semiconductor chip) with the bumps 3 formed ther-
eon by a known method such as a spin-coating process,
aroll-coater process, or a dispensing process to form the
resin layer 5. Further, if the film form or the sheet form is
used, the resin layer 5 can be formed by simply sticking
the resin material thereon. Here, as described below, the
resin layer 5 is formed so that the thickness of the resin
layer becomes substantially the same as the thickness
of the bumps 3 after the resin layer is cured. Therefore,
by thus forming the resin layer 5, the bumps 3 are covered
by the resin layer 5.

[0028] Note that, in the resin layer 5, a liquid compo-
nent of the liquid resin material is partially evaporated by
a natural drying, but the resin material does not reach a
state in which the resin material is completely cured with
three-dimensional bridges, or the film or the sheet resin
material which is only stuck thereon does not reach the
cured state.

Under such a condition, the resin layer 5 is selectively
exposed to an appropriate light source (an exposure
source) using a mask (not shown). In this case, as de-
scribed above, the photosensitivity type of the resin com-
ponent of the resin material forming the resin layer 5 can
be positive or negative.

[0029] If the positive type is used, only sections right
above the bumps 3 are selectively irradiated with the light
to be exposed. Also in this case, sections right above the
dicing lines 4, and further, sections right above the vari-
ous marks such as dicing marks or bonding marks are
irradiated with the light at the same time to be exposed.
And, the resin in the exposed sections is selectively re-
moved by subsequently executing the development
process, thereby exposing the upper surfaces of the
bumps 3 as shown in Fig. 1C, and further, the dicing lines
4 and the various marks (not shown). Note that, if the
positive type of resin is used as described above, sec-
tions remain unremoved after executing the development
process are in basically the same condition as the resin
layer 5 before executing the exposure process. There-
fore, especially in case a problem with using the liquid
resin material for the resin layer 5 is posed in the devel-
opment process, a provisional curing process such as
drying can be executed before the exposure process de-
scribed above is executed.
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[0030] Further, if the photosensitivity type of the resin
component of the resin material forming the resin layer
5 is negative, all of the area except the sections right
above the bumps 3 is selectively irradiated with the light
to be exposed. Also in this case, sections right above the
dicing lines 4, and further, sections right above the vari-
ous marks such as dicing marks or bonding marks are
also excluded from the area selectively irradiated with
the light to be exposed. And, similarly to the case with
the positive type, the resin in the unexposed sections is
selectively removed by executing the development proc-
ess, thereby exposing the upper surfaces of the bumps
3 as shown in Fig. 1C, and further, the dicing lines 4 and
the various marks (not shown). Note that, in case the
negative type of resin is used as described above, if the
resin is provisionally cured in the exposed area, the pro-
visional curing process mentioned in the description for
the positive type is not necessary. Note that, as a matter
of course, the provisional curing process mentioned in
the description for the positive type can be executed ir-
respective of whether or not the resin is provisionally
cured by the exposure process.

[0031] Subsequently, the resin layer 5, from which de-
sired sections are removed by the development process,
is processed with a heat treatment process to be com-
pletely bridged three-dimensionally to turns the resin
forming the resin layer 5 into a resin film 6 composed of
thermoplastic resin. In other words, if the resin layer 5 is
formed of photosensitive and thermoplastic resin, the sol-
vent resolving the resin is removed by evaporation by
the heat treatment process to form the resin film 6 formed
of cured one of the thermoplastic resin such as polyimide
resin which is a substantial component thereof. In con-
trast, if the resin layer 5 is composed of, for example, the
precursor of the polyimide resin such as polyamic acid
or amide-imide, a polymerization reaction such as dehy-
drating condensation is caused by the heat treatment
process to form the resin layer 6 composed of, for exam-
ple, cured one of the polyimide resin. Therefore, condi-
tions of the heat treatment such as temperature or a pe-
riod of time are appropriately determined by a pilot study
or the like in accordance with a type or a form of the resin
layer 5.

[0032] The resin film 6 thus formed is thermoplastic
and so take a cured form at room temperature, and is
arranged to be soften and then melted in temperatures
higher than the melting point determined by the compo-
sition thereof and so on. The resin film 6 is wetly spread
on the surface of the substrate by melting to exert is ad-
hesiveness. The melting start point of temperature
changes in accordance with the composition, the polym-
erization degree, the add-in materials of the selected
thermoplastic resin, as described above. It is preferable
to select or arrange the materials so that the melting point
becomes in a range of about 50°C through 400°C, for
example. This is because, with the melting point of lower
than 50°C, if a sub-assembly composed of the substrate
and the semiconductor chip 2 mounted thereon, de-
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scribed later, is exposed in a hard temperature condition
in use, the resin film may partially be melted to be de-
graded in bonding force to cause loose connection be-
tween the bump 3 and the conductive section of the sub-
strate. Further, with the melting of higher than 400°C,
when the semiconductor chip 2 is mounted on the sub-
strate as described below, the element section of the
semiconductor chip 2 may be damaged by the heat treat-
ment process for melting the resin film 6.

[0033] After changing the resin layer 5 into the resin
film 6, the cured form of the thermoplastic resin, the dicing
process is executed along the dicing lines 4 exposed in
the previous process to separate the semiconductor
chips 2. In this case, although it is vary difficult to dice
the resin together with the silicon (wafer 1), the dicing
lines 4 are exposed by removing the resin as described
above, and therefore, the wafer 1 can easily be diced as
before by adicing saw or the like. Further, since the dicing
lines 4 are exposed to be visible, positioning and so on
in the dicing process can also be executed easily as be-
fore. Further, in this case, by using the dicing marks in
the various marks described above as references, the
dicing process can easily and precisely be executed. As
described above, since these marks necessary for rec-
ognition can be provided in the openings of the resin film
made by partially removing the resin, the marks can di-
rectly be seen. Therefore, by using the marks as refer-
ence marks for positioning, positioning of high precision
can be executed. These marks can also be used in a
following mounting process.

[0034] Subsequently, the discrete semiconductor
chips 2 are arranged on the substrate 7 previously pre-
pared as shown in Fig. IE and positioning is then execut-
ed. Asthe substrate 7, various substrates such as a glass
substrate, a ceramic substrate, a hard substrate or a flex-
ible substrate both made of resin, can be used. However,
since the surface thereof is preferably flat, a grass sub-
strate of a ceramic substrate is preferably used. The sub-
strate 7 is previously provided with lands (conductive sec-
tions) 8 corresponding to the positions of the bumps 3 of
the semiconductor chips 2 to be mounted thereon, and
the lands 8 are formed to be connected to wiring 8a.
[0035] Therefore, when positioning the semiconductor
chips 2 on the substrate 7, the bumps 3 of the semicon-
ductor chips 2 are abutted on the lands 8. In this case,
by using the bonding marks in the various marks exposed
as described above, the positioning process can easily
and precisely be executed. After executing the position-
ing process and mounting the semiconductor chips 2 on
the substrate 7, the substrate 7 and the semiconductor
chips 2 are heated and pressurized by a bonding tool.
Note that the bonding tool is composed of a stage (not
shown) for mounting the substrate 7 and so on and a
pressurizing heater 9 shown in Fig. 1F.

[0036] The face-down bonding process using such a
bonding tool is executed by mounting the substrate 7 and
the semiconductor chips 2 positioned to each other on
the stage, and then pressurizing the semiconductor chip
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2 side thereof with the pressurizing heater 9. Note that
the positioning of the semiconductor chips 2 to the sub-
strate 7 can be executed on the stage. In this case, the
stage can be provided with a heating device such as a
heater to heat the resin film 6 by heat conduction through
the substrate 7. Further, the pressurizing heater 9 is pro-
vided with a heating device such as a heater inside or on
the surface thereof, and is connected to an air cylinder
or a hydraulic cylinder so as to elevate, and arranged to
generate pressure by moving down with the hydraulic
cylinder.

[0037] The pressurizing heater 9 thus configured holds
the substrate 7 and the semiconductor chips 2 mounted
on the stage (not shown) together with the stage, and in
this condition, pressurizes the semiconductor chip 2 side
thereof with an appropriate pressure set previously. Fur-
ther, in this case, the stage and the heating device of the
pressurizing heater 9 is set to a condition suitable for
heating the resin film 6 to a temperature of melting and
soften the resin film 6. In other words, since the melting
point of temperature of the resin film 6 is previously de-
termined as described above, the heating device is set
to be at a higher temperature than the melting point. Note
that it is sure that heating by the heating device can be
started after starting pressurizing by the pressurizing
heater 9. In this case, it is important to manage parallel-
ism between the surface of the stage and the pressurizing
heater, and flatness of the surface of the stage and the
pressurizing heater.

[0038] By thus heating and pressurizing, the resin film
6 formed on the surface on which the bumps 3 of the
semiconductor chips 2 are formed is heated with the heat
conduction from the heating device described above, and
then melted to be softened. Since the semiconductor chip
2 is pressurized by the pressurizing heater 9 in the mean-
time, the bumps 3 are maintained to abut on and pres-
surize the lands 8 of the substrate 7. And, after executing
the heating and pressurizing process for a predetermined
period of time, heating by the pressurizing heater 9 and
heating from the stage are stopped to cool the semicon-
ductor chip naturally while maintaining the pressure by
the pressurizing heater 9. Note that a cooling device can
be provided to the pressurizing heater 9 or the stage for
enhancing cooling of the semiconductor chips 2 after
stopping heating.

[0039] By thus stopping heating and then cooling the
semiconductor chips 2, the resin film 6 is resolidified from
the melted state. In this case, the resin film 6 is wetly
spread on the surface of the substrate to exert adhesive-
ness when resolidified from the melted state, and is ad-
hered not only to the semiconductor chips 2 but also to
the substrate 7, as a result, makes the semiconductor
chips 2 be adhered, namely fixed to the substrate 7. And,
since the resin film 6 shrinks when it is resolidified after
being melted, the substrate 7 and the semiconductor
chips 2 are pulled in each other by the shrinking force.
Therefore, the lands 8 of the substrate 7 and the bumps
3 of the semiconductor chips 2 are joined to each other
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in an adhered state by the shrinking force, thus electrical
connections are provided in good conditions. In this case,
since the resin film 6, the insulating film, does not exist
between the bumps 3 and the lands 8, the electrical con-
nections between the bumps 3 and the lands 8 can easily
be established by being pressed with only weak pres-
sure, and stable electrical connections can be maintained
after the mounting process. This point is an advantage
of the embodiment of the invention, in which the embod-
iment of the invention is greatly different from a conven-
tional boding process using resin.

[0040] After then, the pressurizing heater 9 is moved
up, and the substrate 7 is removed from the stage, thus
obtaining a mounted body (a mounted structure) 10 of
the semiconductor device formed by mounting the sem-
iconductor chips 2 on the substrate 7 as shown in Fig. 2.
[0041] Insuch a mounting method of the semiconduc-
tor chips 2 on the substrate 7, namely the method of
mounting the semiconductor device, since the resin film
6 functioning as an adhesive is formed on the semicon-
ductor chip 2 side thereof, the resin layer 5 for forming
the resin film 6 can be formed by a method using a gen-
eral-purpose device such as a spin-coating process, and
accordingly, no dedicated device is required, thus reduc-
ing the mounting cost.

[0042] Further, since the semiconductor chip 2 is di-
rectly bonded face-down to the substrate 7 with the upper
surface of the bumps 3 exposed to electrically connect
the bumps 3 to the lands 8 of the substrate 7, the resin
is prevented from entering between the lands 8 and the
bumps 3, and accordingly, the lands 8 and the bumps 3
can be prevented from peeling off from each other, thus
enhancing the mounting reliability and also reducing the
contact resistance between the lands 8 and the bumps
3. The resin contributing to adhering between the semi-
conductor chips and the substrate continues to function
as so-called underfill and absorbs the difference in tem-
perature between the semiconductor chips and the sub-
strate, thus contributing to enhancing the reliability of the
device asawhole. As described above, the underfill proc-
ess can also be completed simultaneously to the process
for establishing electrical connections. This point is also
an advantageous process of the present embodiment of
the invention in comparison with a flip mounting process
of a conventional solder connection method.

[0043] Further, since the semiconductor chips 2 are
bonded face-down with the resin film 6 composed of ther-
moplastic resin functioning as an adhesive, there is very
little possibility for the resin forming the resin film 6 to run
off to the sides of the semiconductor chips 2 (because,
in the nature of the configuration, the size of the resin
film 6 is not larger than the size of the semiconductor
chip, and an amount of the softening flow is small on or
above the Tg point because of the thermoplastic film, and
accordingly, volume of the adhesive running off aside
can fully be controlled by a photolithography process by
controlling the thickness and the area of the adhesive),
and accordingly, no substantial dead space is created
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on the substrate 7 to shorten the distances between ad-
jacent components, thus realizing the high-density
mounting.

[0044] Further, since anisotropic conductive paste
(ACP), anisotropic conductive film (ACF), nonconductive
paste (NCP), or nonconductive films (NCF) used in a
conventional method is not used, such an adhesive can
be omitted, and a preparing process therefor can also be
omitted, thus making it possible to reduce the cost of the
mounting process. Further, defectives caused by the ad-
hesive such as ACF can be eliminated, and the contact
resistances between the lands 8 and the bumps 3 can
be suppressed to a low level in comparison to the case
with ACF. This is because, in the case with ACF or the
like, the lands 8 and the bumps 3 are connected via con-
ductive fine particles which makes the contact resistanc-
es larger by resistances of the conductive fine particles,
and accordingly, by eliminating such conductive fine par-
ticles therebetween, the increase in the resistances can
be suppressed.

[0045] In addition, in the step of face-down bonding
the semiconductor chip 2, to which the resin film 6 has
been applied by the above method, on the substrate 7,
novel mounting device and mounting process are not par-
ticularly needed but conventional mounting device and
mounting process can be used without modification.
Therefore, new investments are not required and thus
cost-up can be avoided.

Furthermore, the process for forming the bumps 3 can
be adopted as is conventionally done without modifica-
tion. Moreover, dicing of the wafer 1 and check of the
semiconductor chip 2 can also be carried out as is con-
ventionally done.

[0046] Further, regarding the mounted body (the
mounted structure) 10, the mounting cost is reduced be-
cause no dedicated device is required as described
above, and since there is very little chance for the resin
forming the resin film 6 to run off to the sides of the sem-
iconductor chips 2, the high-density mounting becomes
possible. Still further, since no resin is intervening be-
tween the lands 8 and the bumps 3, a possibility of peel-
ing-off between the lands 8 and the bumps 3 can be elim-
inated, thus the mounting reliability can be enhanced,
and the contact resistances between the lands 8 and the
bumps 3 such as initial resistances can also be reduced.
[0047] Note that the resin film 6 preferably has a ther-
mal expansion coefficient similar to the thermal expan-
sion coefficient of the substrate 7, because, by having
such a thermal expansion coefficient, the peeling-off of
the semiconductor chips 2 from the substrate 7 caused
by the difference in the thermal expansion coefficient can
be prevented, thus enhancing the mounting reliability.
Further, in the present embodiment, mounting of the
semiconductor chips 2 on the substrate 7 and connection
(electrical conduction) of the lands 8 and the bumps 3
are executed using the resin film 6, however, the inven-
tion is not limited to such an embodiment, but can use a
brazing filler metal (a soft brazing filler metal) such as
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lead-free solder so as to be put between the lands 8 and
the bumps 3.

Namely, when the semiconductor chips 2 provided with
the resin film 6 formed thereon are bonded face-down to
the substrate 7 to electrically connect the bumps 3 of the
semiconductor chips 2 to the lands 8 of the substrate 7,
the bumps 3 and the lands 8 can be electrically connected
via a brazing filler metal such as lead-free solder previ-
ously provided to at least one of the bumps 3 and the
lands 8.

[0048] In the embodiment shown in Figs. 1A through
1F, the lands 8 of the substrate 7 and the bumps 3 of the
semiconductor chips 2 are pulled in each other by the
adhesive force of the resin film 6, namely the shrinking
force caused when the melted resin film 6 is solidified,
and are connected in a pressure welding condition. In
contrast, in the present embodiment in which the lands
8 and the bumps 3 are bonded via a brazing filler metal,
stronger bonding (metal bonding) can be obtained. Fur-
ther, since the brazing filler metal can be melted in the
heating process for melting the resin film 6, and then
solidified asitis inthe cooling process (the natural cooling
process) for resolidifying the resin film 6, an additional
load is hardly caused in the processes by adding the
brazing filler metal, thus a decrease in the productivity
and an increase in the cost can be prevented while ob-
taining the above advantages.

[0049] Notethatasthe brazingfiller metal, metals melt-
ed at a temperature not higher than the melting point of
the resin film 6 or metals having low melting points such
as bismuth alloys or indium alloys are preferably used,
and especially, those having melting points near to the
melting point of the resin film 6 are further preferably used
for further simplifying the melting process by the heating
process and the resolidifying process. Further, as the
brazing filler metal, a combination of gold plated on the
bumps and tin plated on the lands of the substrate, a
combination (gold-gold bonding) of gold plated on the
bumps and gold plated on the lands of the substrate, or
a form using gold-ITO (indium tin oxide) bonding can be
used. If a metal melted at a temperature not higher than
the melting point of the resin film 6 is not used in the
above case, a surface activation bonding technology us-
ing plasma or an ultrasonic bonding technology can be
used in conjunction therewith. The above processes are
effective not only for bonding the bumps with the lands
on the substrate, but also for means to enhancing adhe-
siveness between the resin film and the surface of the
substrate.

[0050] Further, especially in the wafer 1 shown in Fig.
1C, namely a semiconductor device 11 of the embodi-
ment of the invention shown in Fig. 3, since the resin film
6 is provided so as to expose the dicing lines of the wafer
1, the wafer 1 can easily be diced as before by an existing
dicing saw. As described above, since these marks nec-
essary for recognition can be provided in the openings
of the resin film made by partially removing the resin, the
marks can directly be seen. Therefore, by using the
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marks as reference marks for positioning, positioning of
high precision can be executed. These marks can also
be used in a following mounting process.

[0051] Further, in the discrete semiconductor chip 2
shown in Fig. 1D, namely a semiconductor device 12
according to an embodiment of the invention shown in
Fig. 4, by functioning the resin film 6 composed of ther-
moplastic resin as an adhesive, namely by cooling to
resolidify the resin film 6 after heating to melt the resin
film 6, the semiconductor chip 2 can be bonded
face-down on the substrate 7. Further in this case, since
there is a very little chance for the resin composing the
resin film 6 to run off to the sides of the semiconductor
chip 2, a dead space can hardly be created on the sub-
strate 7, therefore, by using the semiconductor device
12, the high-density mounting can be realized.

[0052] stillfurther,theresin layer 5 for forming the resin
film 6 can be formed by a method using multi-purpose
devices such as a spin-coating process, and accordingly,
by using the semiconductor device 12, any dedicated
devices for mounting can be eliminated, thus making the
mounting cost be reduced.

Further, since the upper surface of the bump 3 of the
semiconductor 2 is exposed, by bonding the semicon-
ductor chip 2 face-down directly on the substrate 7 to
electrically connect the bump 3 to the land 8 of the sub-
strate 7, the resin can be prevented from entering be-
tween the land 8 and the bump 3. As a result, peeling-off
of the land 8 from the bump 3 can be prevented to en-
hance the reliability in mounting, and the contact resist-
ance between the land 8 and the bump 3 can also be
reduced.

[0053] Note that in the semiconductor device 12, es-
pecially in case any marks are provided to the semicon-
ductor chip 2, the resin film 6 is preferably provided so
as to expose the marks.

If various marks such as dicing marks or bonding marks
are provided to the semiconductor chip 2, by exposing
the marks, the semiconductor chip 2 can be handled in
the same manner as the ordinary semiconductor chip 2,
and accordingly, easy handling thereof can be achieved.
[0054] Further, in the semiconductor device 12, the
thickness (height) of the resin film 6 is arranged to be
substantially the same as the height of the bump 3 as
described above. With the resin film 6 a little bit thicker
(higher) than the bump 3, when the semiconductor device
12 (the semiconductor chip 2) is mounted on the sub-
strate 7, bubbles existing in the adhesive surface of the
resin film 6 can surely be ejected, and accordingly, the
substrate 7 and the resin film 6 are adhered in a better
condition, thus enhancing the reliability in mounting.
[0055] Further, with the resin film 6 a little bit thinner
(lower) than the bump 3, the bump 3 is sufficiently ex-
posed from the resin film 6, and accordingly, a problem
that the resin film 6 in the periphery of the bump enters
between the bump 3 and the land 8 can surely be pre-
vented, thus the electrical connection between the bump
3 and the land 8 can be made more stable, and the con-
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tact resistance therebetween can also be prevented from
increasing. Note that, especially if a flexible substrate
made of resin or the like is adopted as the substrate 7,
it is preferable that the bump 3 is sufficiently exposed as
mentioned above to make the electrical connection be-
tween the bump 3 and the land 8 more stable because
the substrate 7 sags to some extent in the pressurizing
and heating process.

Still further, if the thickness (the height) of the resin film
6 is arranged to be the same as the height of the bump
3, both of the advantage of the case with the film a little
bit higher and the advantage of the case with the film a
little bit lower can be expected. The selection can be
made in accordance with the characteristics of significant
concern.

[0056] Note that the invention is not limited to the em-
bodiments described above, but various modifications
can be made within the spirit or the scope of the invention.
For example, although the resin layer 5 is formed using
a photosensitive and thermoplastic resin material in the
above embodiments, the resin layer 5 can also be formed
using a photosensitive and thermoset resin adhesive
sheet alternatively thereto. The photosensitive and ther-
moset resin adhesive sheet can be adhered to the chip
at a low temperature (in a range of 50 through 100°C, for
example), and can be patterned by a photolithography
technology because of its photosensitive property, and
further expresses adhesiveness and thermoset property
after being patterned.

[0057] In order to form the resin layer 5 using the pho-
tosensitive and thermoset resin adhesive sheet de-
scribed above, the silicon wafer 1 is prepared as shown
inFig. 5A, and subsequently, the photosensitive and ther-
moset resin adhesive sheet 20 is adhered to the surface
provided with the bumps 3 formed thereon using a heat
roll laminator or the like as shown in Fig. 5B. Here, the
photosensitive and thermoset resin adhesive sheet 20 is
covered by a release sheet (not shown) on one surface
thereof, and is adhered to the wafer 1 with the other sur-
face thereof and forms the resin layer 5 by removing the
release sheet. Here, the resin layer 5 is simply adhered
thereto, and therefore, does not reach the cured state.
[0058] After thus forming the resin layer 5 using the
photosensitive and thermoset resin adhesive sheet 20,
it is selectively exposed to an appropriate light source
(exposure source) using the mask (not shown) similarly
to the case shown in Figs. 1A through 1F. After thus ex-
ecuting the exposure process, a preliminary heating
process is executed if necessary, and then a develop-
ment process using methyl ethyl ketone (MEK) or the like
is executed after provisionally curing the resin, and the
upper surfaces of the bumps 3 are exposed as shown in
Fig. 5C, and further, the dicing lines 4 and the various
marks (not shown) are then exposed. Note that in the
example using the photosensitive and thermoset resin
adhesive sheet 20, the patterned resin layer 5 obtained
by the developing process becomes the adhesive resin
film 6 in the embodiment of the invention.
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[0059] After then, similarly to the case shown in Figs.
1A through 1F, the resin film 6 is used to be functioned
as an adhesive to bond the discrete semiconductor chips
2 face-down on the substrate 7. Specifically, the resin
film 6 (the photosensitive and thermoset resin adhesive
sheet 20) is hot-cured by heated while pressurized using
the bonding tool described above at 150°C for about one
hour, for example.

As described above, if the resin layer 5 is formed using
the photosensitive and thermoset resin adhesive sheet
20, the resin film 6 having adhesiveness can directly be
formed therefrom, therefore, the processes can be sim-
plified in comparison to the embodiment shown in Figs.
1A through 1F.

Claims

1. A method of manufacturing a semiconductor device,
comprising:

forming a resin layer on a surface of a semicon-
ductor chip, the surface is provided with a bump
formed thereon, the resin layer having photo-
sensitivity and adhesiveness;

exposing an upper surface of the bump by re-
moving a part of the resin layer right above the
bump by exposing and then developing the resin
layer; and

bonding the semiconductor chip provided with
a resin film formed of the resin layer face-down
to a substrate, the bump of the semiconductor
chip and a conductive section of the substrate
being electrically connected by the resin film
functioning as an adhesive.

2. The method of manufacturing a semiconductor de-
vice according to Claim 1, wherein a resin forming
the resin layer is a photosensitive and thermoplastic
resin or a precursor of the photosensitive and ther-
moplastic resin, and further comprising:

heating the resin layer to change the resin form-
ing the resin layer into the resin film formed of a
thermoplastic resin.

3. The method of manufacturing a semiconductor de-
vice according to Claim 2, wherein at least one of a
photosensitive and thermoplastic resin forming the
resin layer and a material of the photosensitive and
thermoplastic resin including a precursor of the pho-
tosensitive and thermoplastic resin includes one of
athermoset resin and a component of the thermoset
resin.

4. The method of manufacturing a semiconductor de-
vice according to Claim 1, wherein the resin layer is
formed of a photosensitive and thermoset resin ad-
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hesive sheet.

The method of manufacturing a semiconductor de-
vice according to Claim 1, wherein a number of the
semiconductor chips are integrally formed on a wa-
fer, a part of the resin layer right above a dicing line
of the wafer is removed simultaneously in the expos-
ing step to expose the dicing line.

The method of manufacturing a semiconductor de-
vice according to Claim 1, wherein a mark is formed
on the semiconductor chip, a part of the resin layer
right above the mark on the semiconductor chip is
removed simultaneously in the exposing step to ex-
pose the mark.

The method of manufacturing a semiconductor de-
vice according to Claim 1, wherein, in the bonding
step, the bump is electrically connected to the con-
ductive section via a brazing filler metal.

A semiconductor device equipped with a semicon-
ductor chip having a bump, comprising:

a resin film made of adhesive resin provided on
a surface of the semiconductor chip provided
with a bump formed thereon so as to expose an
upper surface of the bump.

The semiconductor device according to Claim 8,
wherein the adhesive resin is a thermoplastic resin.

The semiconductor device according to Claim 9,
wherein the thermoplastic resin includes one of a
thermoset resin and a part of a component of the
thermoset resin.

The semiconductor device according to Claim 8,
wherein a number of the semiconductor chips are
integrally formed on a wafer, and the resin film is
provided so as to expose a dicing line of the wafer.

The semiconductor device according to Claim 8,
wherein a markis formed on the semiconductor chip,
and the resin film is provided so as to expose the
mark.

A mounting structure comprising: a substrate having
a conductive section; and a semiconductor chip hav-
ing a bump and bonded face-down on the substrate,
wherein the conductive section of the substrate and
the bump of the semiconductor chip are connected
to each other one of directly without intervening the
resin and indirectly via a conductive material.

The mounting structure according to Claim 13 com-
prising a resin film formed between the semiconduc-
tor chip and the substrate except the connecting sec-
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tion between the conductive section of the substrate
and the bump of the semiconductor chip.

15. A mounting structure formed by the method of man-

ufacturing a semiconductor device according to
Claim 1.
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